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Liposozes containing neutral glycolipids with a terminal gltcose or galactose,
when Injectad intravenously, provented the appearance of erythrocytic forms

of nalaria (Plasmodius berghei) in nice previously injected with sporozoites. -
Inhibitory glycolipids included glucosyl, galactosyl, or lactosyl ceramide.
Inhibition was not obmerved with lipo

sones containing ceramide, phosphocholine
ceranide, sulfogalactosyl ceramide (sulfati

ide), or ganglioside Gy, Liposomes
containisg glycolipids did not inhibit infection transmitted by injecting blood
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containing erythrocytic stages of malaria.
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Sporozoite-Induced Malaria: Therapeutic Effects of
Glycolipids in Lipesomes

Aimct. Lipasomes coataining aeutral gheeolipids sk a terminal glurose o go-
factase, when injected Intravercusly, peevenied the appestonce of ervthrooytic
Sorms of malaris (Plasmadium berghey) {a mire previously igjected with speroites.
Inhibutory glyeolipids inclisded plucws ), palactossd, or lactsyl cemmide Inkibition
was nul observed with lipasomes contgining ceramide . phasphochdline céramide,
sulfogalactoodd cerumide (sulfatide), or panplanside Gy, Lipasomes contaising gie
colipids did not inkibit infection transmitted by igieciing blood containing erythro-
oxtic stapes of malaria, These results may have therapeatic implications in the ircar
menat of malara. Anslvsis of the mechanive of interfreence with the Iify oele af
malzens by lipnsomal glycolipids may vield infiwmsation aboul the imtetsictions of

parasiiey auhk crlluler membianes

Lipowoties comast of closed con.
ventrw aphetes of phospholipsd mem-
tranc Upon mttavenow ingection, hipo.
wmes accumulate proferentially in the
fver, manly s Kupfer oclla, and the
splecn [aee UM We and otheny demon:
strated in rodents that iyechon of drug.
Ixlen bposomes could be used for the
freatment of eapenimental Leohmana
dasmgnr mfectsons of Kupfer ooty ()
{5 the present atudy we used posomes
ia treal eapctimental sporozodcanducsd
Flasmodiurs betpher mfocctions of he-
mlocyles 1 hixc

When malana parssnes {sporazoiter}
arc myccied inte mammals by the batc of
= za anophohine mosquiio. the parsades
travel to the bver of the hoat The spoto.
odes remain inude kepatodyies for 3
renend of days (creenibrocyix dage)
before  emerging  as  cworythioy i
schizonty capable of mvading crythro
€¥ies  Ammaly that have enthrodiix
forms are said o have Tpalent’ infec-
tiom, and the preceding micrval. whech
follows inpeepon of sporozosics by mun.
quiiocs. 1t called the propatent potwd
{1 Antimalarial drugs are saally classe.
fied acvonding to their oot on 3 pank-
ular slage of the plasmodl e cycle, fir
exampie, primagquine and related drugs
act peimandy aganad parasites in the
Hver, whercas chloroquine affects para:
sfes in the erythrodyics @ In the o
perimenls desenbed hervin we demon.
sraie that liposomes contaming cettain
membranc glycolipids, without addion.
al dnsps, interfore with the malarial fe
cyche during the prepatent peniod and
prevent the appearance of erythrocytic
forms of the pamsite.

Plazmsndium bergher (cithet ANKA of
NKAS strain) was cycled theough Anoph-
eles stepheasi mosquitees and golden
Syrian hamsters. Salivary glands were
salated from the mest heavily infocted
masquiloes 18 to 25 days afler they had
taken a blood meal, acconding to the
mcthod of Boswonth of ol 8). The
glands were triturated in 3 glass syringe

amd the sporosoitc: wese counifod 18 a
hemocytomele?  The apawarmites were
suspended i Medium 19 (110 2 ¥ 1P
et cailliditerd, and 01 10 02 mi of sus-
penson war npesied milmvenomly iste
cach mouse (JUR, Walter Reod straind
in some capenments. O | m of miecied
blomd wzs maed to fanwnt the infeciion
The wiescted blood wan drawn from 2
mouse with 3 patent infecton | week al
fer i had been inpted with 3 = (@7
sporozedes. the blood contamed 019
parasite per HP enythrocytes

The hpsds and ther souicer »oit as
fiflous dimyristoy] phowphatidylcholine
and muxesd boef braun coramsde (Sgmal.
¢halesterad (Caltsachem), diceiy! phos
phale (K and K Labanatona), galacto-
ui glecanl, and lactony! coramsdes
(Miles Laboraiones), sulfaisde {Appled
Scsemts Laborstorses), and ganghoide
Gy, tBupcico:

Lipasomes, swollen 0 0 184 Na(l,
were peopaned by prevasmisly descrtbed
sandand procedures 93 The liposomes
somanied  of dimynstoyl  phoesphati-
dykcholine choleviarol, and dicenyl phos-
phate in molar st of §-0.75:0 11,
respectively, plus (00 pg of coramide lip-
W (ex<opt i the cawe of sphingomyeling
pet mucremele of phosphatidyichading.
When phosphocholine ceramide {aphin:
pomyclini war used. it replsecd an
cquivaicnt molar amount of phoavphati
dylcholine, 20 that phosphatidylcho.
kne. ephingom) clia, cholesterol, and di-
<ctyl phosphate were n molar ratios of

phatidylcholine, or phosphatidylcholing
plus sphingomyclin, was 10 my with re-
spect 1o the 0,154 NaQl used for swol-
hng. On the basis of Coulier counter
analysis of similar preparations, the lipo-
somes had 5 broad hyperbolic size distsi-
bution 1. Although most of the lipa-
somes were small (1.5 um or less), mast
of the surfate arca and volume were due
ie large (= L.$ pm) liposomes 71, The
lipinomes were dilnied approximately
sevenfold with 0.13M NaCl and centr-
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% 1 leddataws of e IERGNY K parmaag af-
to smarine of Bjwewoises soalsnrang pyiodys
wh The aosesch were inm<iod mtfavencoaly
wuh Bpmomee | day afled wpedorads o
bon Badh posad tepevact i s of M ax
I axerady

fuged ot 27 0O 3t XU fiw 10 sunuics
The sapeinstant woatanmg small bpo-
somery with about 3 o ont of e o
2l phospdolipad! wa doganded The
peBct w2 woapemind o3 yoluze of
@ 14 Na(T asheunimg o ot fournth of
the argmal amclbng vdum Mo acrx
spruicsd mtravemeands wdh 0 141000 ml
of iter Baal hposome snpenwuon othet |
&3y 2fict aypniaeg of apotugoics ot
day afics mpecton of afe tod osd
Fgure | sbuws that betsern dayy £
and B =hen the averugs oinythiosyia
parands wosnt m enligated amintch aas
fiung  rapadly. enythrnoyta patasates
were barch detaxtabis o amenals treatnd
»h Erosemes contamng odbet galaiis
syi of ghaoyl weramadc Af carly slages
of infn g the number of parasster may
be e bow o quanifait aweraich.
m thew capotunenit e mfecton aas
soosdiored patent ovon o onhy oix para
sz ma dotoued por 1Y onpthrocyies
Paterm sy dut oot st before day 4, and
 day 3 anmnah with nonpatont mies-
toas d=d oot dovelop fatent mfection
Treatment with Ipowemts wontarmng ga
kactony! ceramele maricdh Jdiminnded
the nomber of antmaly that doveloped
patent infechon As abown o Table L
3 percent of untreafcd animah de
velaped patent infections, whereas on-
Iy 7 1o 1§ percent of animals treated with
fpotomes containmg gixton], ghxe-
o¥i. o Bxctonyl ceramsde doveloped uxh
mfsctzns. The carbobydrale group was
recestary for inhabition of patency. B
came both phospdxxholine coramékle
and cefamide alore wxre imeffective.
Suifatide  (.alfogalactosyl coramiicd
ard ganglioude Ge, [galsctone N acetyd
galaciosamine - galacioscelY - acctylneun
sminx b glucosecoramaie] also were
meffective. Exch of thr fast two com-

1 SEFTEMRER T2

pousds has a3 slrong negative charge
cither attached to, or in the vicanity of,
the terminal galactone, and this may
have sodied the cffectivencss of the
moledules agami sporusoites.

The activity of the biposomes contain.
ing galactosyl cotambde was sot duc
an ¢ffect agzinst blood forms of the ma.
ana parasiie that emerped frum the
liser Figure 2 shows that yratment with
galactonyl ceraminde hposoenes did aot
inhibd para.iemus 1o animsls in which
the parasite was tranamitted by injecting
blood containing erythrodytic forms of

F berghet from aninnh with pstent in- I

fectuons %
Hepatic cells from several apeom I I S i - : .
H 3 ¥

have a le<im that recognres esposed ga-

bacigas gouns of Aassabztad sh‘ o

o 153 The prerent study was bz\-n! on
the ratonalc that bposonics containieg
membwant ghalipals anght become as.
swnated with the leclin on the plasgas
membransy of hepatocyiexs We had
hopedd 10 wie kecin modiated roooptiion
of bposomes 33 2 methad of tarpeting
dragdaaded Ipowomcy o hepatocyies
dutmng  the crwoethionsin  stape of
spotuzonc axhacad malana  mfecon
The evpetiments Jewnbad beromn dem
gnstratc that the hposome: themaches
mtcsfered =uith the malanal Lfc oyt
dutong the prepatent porasd Thes o
saban provades byt evedemc th
wtrmcliular hepatn lowtn that oy
2oy palactone of ghinose mught play a
rude an Bepals afcutxon wth P o besghe,
Thw leuten that oo on the surface of
mammahan hopatocytes alw o uty on
mocrosomes. Golp apparatus, and hso
w9, Laposomcs conlammg ghaoo
bpsdy mught Bl L the parasstc by snter
apon aith the attacellular st A
elmmary caponment auds ~ -4 that
Iiposomal ghywoliprds dal out hase a pro
iyl in antmmalasal cffet 0., and ot

=0~ Rs Lpdseei
9= LIPRIDERY =

*

Priwbden per FBP arythramaten

m
R -

Deys after mperhens of mlected Pioid -
Fig 1. Abwnce of Lipmomalanhitalion of -
erythineytic parasies in ammah injocted with -
sefedied binod, Lipovomes conlaining galacio-
131 coramide wore adminntered 1o 14 miee |
day after myection of infoecicd biood Thecon
tred proup cuonadied of 12 mice that roceived
saline imtead of hparomes  Each point repie-
seats 1the mican ¥ vandard deviation.

e g

scoms unlibely, therefore. that the gly-
wobipsds Lompeted with aporozostes for
the Islin present o the plasma mem
branc :

Data from other stindies suggest that s

sosomer containing palactonyl Iipeds

a3 be recognized by, and mtematized
o, mammalzn cclls. Uptabe of lipo-
wmes by rat finver i stvo was enhanced
ty panplosude Gy, of astalopanghosyde
G, and the cnhamod uptabe was
bhxked by asalofetum Iwhih o recop
nzed b ral hepatocyie lectin U1
Lpon mpcclion info mese, Iposomes with
£DTA 1n the agocous phase were awenr-

mulaicd 10 a greater extent by the v
when the bposomes vontaincd galactosyd
werammae compared with those that <on
tamed gangboudes tndudmg gangho-
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Tade | Influeme of Wihaa$ momnscy on inhsbetony effects of cersmade bpsdy i Iiposomes.

The hposwmes ontited of demyrater] phosphatadyichobine. cholevioms!, snd dicety! phos
phaze. phn the ndcated Imid  Controh eepcived ool aalme :
Number of 7@{ Aversge ;
Ceramade Ipsd Wik Patency prepsient 3
! patent Jeoccted = m 3
foctions (ayay?
Comtrol {0 Epawamed) 49 82 e Si=t z
Gluronicenmmads 2 p- 3 3.4 50 :
Gadactoayt coramade & &0 iz FAE S K K
Lactonyd ceramide ¥ 7 4 50 3
Ctn:mk 6 H 3 k3 63 =0% =
Phorphocholiae ceranide 5 7 Ef 6.1 =04 :
Dpbingomyelinl i
Sulfopalactony] ceramide i 7 71 38=0%
{rolfatide’
Gsﬂg}t@tég G s 7 T 6409
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e

side Guy) 423 1 ha+ been demonstmted
also that fiposomes that become assocs-
ated with cells via glycolipid-lectin inter-
ac.«ohs may be taken up by {usion with
the cells. Funon of liposomes with Hela
cells in tissue culture was markedly en-
hanced by galactosyl or lattosyl ceram:
tde in the liposomes (L1}

From a therapeutic standpoint, under
the comditions we used, suceesiful treat-
ment of sporozoite-induces malaria with
liposomal glycolipids was an all-or-none
phenomenon. Of 74 animals that dud not
develop patent infections at 10 days, all
remauned alive and appareatly free of
“chucal’ malaria after 10 1o 46 days
These data suggested that the liposome-
injected ammals had been cured (M)

in the fow aaimals (7 1o 15 parcent)
that did develop paten! infections despite
treatment with hiposomes coataning ap-
propriate glvcolipids, the average pre-
pafenl penod was nod signtficantly dif.
ferent from that of untreated animal, of
that of animaly that were treaied with
hposomes containing meffective glyco:
Ypads (Table 1} The reason for the appar-
ent complcte fack of effxacy of lipo-
somal glycolpiis zgamnst the infection i
7 1o 13 percent of the animals s pot
clear

Treaiment with Liporames containmng
glycoliprly v particularly sacreating bes
cause cxtremely high dilutions of Iipo-
somes wore therapeutically effective,
and there was an apparent Ikl of acute
toxicity (that i, icthality) of undiluted
Iiposames (135

fa chemoiberany of erthmanaais, the
liposomal phosphehipd  and  surface
charge had drong nfluencey on officacy
of treaiment £23. Further capeniments
may reveal the influence, if any. of lipo-
sHRe compositon on supprossion of
sporaroic-inctuced malana,
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